Opportunities with Drell-Yan scattering:
Probing the sea quark distributions of
the nucleon and nucleus

Paul E. Reimer
B Using Drell-Yan to probe sea quark distributions

B What is the structure of the nucleon?

 Origins of the nucleonic sea: dbar/ubar in the proton
B What is the structure of nucleonic matter?

* Nuclear pions and antishadowing of sea quarks
B What are the properties of hot nuclear matter?

» Parton energy loss in cold nuclear matter

B The E906 spectrometer
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Drell-Yan scattering (Fixed Target):
A laboratory for studying sea quark distributions

B Detector acceptance chooses
range in X et aNd Xpoam-
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Fermilab Accelerator Complex: Fixed Target Program

E866 vs. E90G:

800 vs. 120 GeV
B Cross section scales

as 1/s
— 7x that of 800
GeV beam \ ;
Main Injector

B Backgrounds (J/y = 120 GeV
decay) scale as s A
— 7x Luminosity
for same
detector rate as
800 GeV beam

50x statistics!!
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Structure of the nucleon: What is d-bar/u-bar in the proton? Why?

Parton Distributions 225
B Study ratio of cross sections for deuterium ; ® E906 .
2 A 3.4 10" POT
to hydrogen '
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(In analysis, we use a full Next-to-Leading order z
. . . 1.25 |
cross section calculation with both terms) = C
N 7 /
1 F
B PDF fits are and uncertainties completely s _ \/
dominated by E866. UL
B E906 will significantly extend these 05 F
measurements and improve on : .
uncertainty. 0.25 - E866 Syste\r{natlf:‘Erljor
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B Collider/LHC sensitivity for tests of the Standard Model—Background.

m Origins of the Proton Sea—Models explain d-bar > u-bar. No theory (model)
expects the results seen for x > 0.3.
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Structure of nucleonic matter:

How do sea quark distributions differ in a nucleus?

1.1
Comparison with Deep Inelastic

Scattering (DIS) 105

B Antishadowing not seen in Drell-
Yan—Valence only effect?—
better statistical precision

©0.95
needed—E906. 3
B Intermediate-x sea PDF’s set by © 0.9
n-DIS on iron—unknown nuclear
effects. 0.85
B What can the sea parton
distributions tell us about nuclear 0.8

binding?
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B E772 Drell-Yan

© NMC DIS
o E139 DIS
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Structure of nucleonic matter: 125
Where are the nuclear pions? D
B The binding of nucleons in a
nucleus is expected to be L15
governed by the exchange of .
virtual “Nuclear” pions. '
B Antiquark enhancement % 105
expected from Nuclear Pions. 4,
M Early predictions (Berger and 0.95
Coester) proved false by 0.9
Fermilab E772 Drell-Yan data.
0.85

— Note that E772 has relatively
large uncertainties,
especially as x increases.
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1.1
Parton Energy Loss : E906 Expected Uncertaities
Parton Loses Energy :
in Nuclear Medium
1 Q |
Baier
< 0.046 GeV/fm® L
* 09 F \
B Brodsky and Hoyer
= <0.44 GeV/fm
© =
A e I 0.8 L
B Colored parton moving in strongly I
Interacting media.
o ] ] 0.7 | Johnson et al.
B Only initial state interactions are - 2.2GeV/fm
Important—no final state strong _
. . PR ST TN T AT TR TN TN T (N T TN T TN [N T T T A WY N T T A U MU
Interactions. 0660377704 05 06 07 08 09
M E866 data are consistent with no energy loss %

B Treatment of parton propagation length and shadowing are critical
— Johnson et al. find 2.2 GeV/fm from the same data
B Energy loss « 1/s—Ilarger at 120 GeV

B Important to understand RHIC data.
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Drell-Yan Absolute Cross Sections: Proton Structure as x— 1

| B MRST2001 , MRST and CTEQ:
B uncertainty d/u—0 as x—1
= o
gb 1 = T 3 Radiative corrections
L2 Ferrmlab E866/Nu>f a calculations are now
= [=ppouuX finished—small effect.
£ [apd-puX |
©0-8 [+ 6.5% Norm. Uncertainty | Fermilab E906 will add
~ [ @ E906 p-p — n'uX (Proposed) much more precise

—I I 1 1 1 1 I 1 1 1 [ I 1 1 1 1 I 1 1 1 ] I 1 1 1 1 l 1 [l 1 -

03 04 05 06 07 08 high-x data.

X4

B Reach high-x through beam proton—Large xF)large xbeam.

B Proton-Proton—no nuclear corrections—4u(x) + d(x)

B Proton-deuterium (cross check) agrees with proton-proton data.
B Parton distributions overestimate cross section.

B Working with CTEQ to incorporate data in global PDF fits.
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E906 Apparatus
MBoost difference between 800 and 120 GeV requires shorter experiment.

—Previous (E866) spectrometer was over 60m long; E906 spect. is only 26m long
—Fabrication of new coils for M1 magnet (was 14.5 m long new M1 is only 4.8 m)
—Complications with p decays between target and absorber

WOther items:
—New Station 1 to handle higher rate
—Replace some very old scintillators, additional phototubes

mKey to rates: Beam dump and hadron absorber within M1 Magnet

_ 26 meters—
Hadron Absorbers
tation 2
5 m g Station 3 11
Station 1 Station 4
Magnet M2

Magnet M1
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Drell-Yan Acceptance !
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E906 Cost and Schedule

MFermilab Long Range Schedule—Committed
to starting E906 in FY2009
—Must have minimal impact on instantaneous
neutrino production.

—Require slow extraction out of Main Injector.
MApproximate Cost:
—Magnet coil fabrication: US$1.4M

—US$0.8M for Spectrometer upgrades
MFunding sources

—US DOE-Office of Nuclear Physics US$2.0M

—US NSF US$0.3M

—Fermilab support through magnet assembly,
electronics, power supplies, etc

o Expt. Magnet Design Experiment Experiment

8 g Funded || And construction Construction Runs
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Drell-Yan at Fermilab 225
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nucleonic matter? o ! A
—Where are the nuclear pions? oss I I
—Is antishadowing a valence 09 [ PRodGem
effect? 085 | “os [
L] ) R R i S s e n e s
Do partons lose energy” : _
B Answers from Fermilab Drell-Yan TR Gevit
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—Scheduled to run in 2009 %
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